Abstract -Ensuring accurate testing of a UHF electronic package is the main requirement for a testing system. There are two problems: metrological certification as generator devices generating test pulses of desired amplitude and at a desired moment of time and the problem of measuring amplitude and time parameters of signals at the outputs of an electronic package. This paper observes the methods of measurement and establishes the accuracy of results, which allows metrological certification of testing systems channels in UHF band. This paper gives methods of analysis of metrological reliability of testing devices. Mathematical expressions and numerical evaluations are acquired, showing ambiguity of amplitude and time parameters of the signals at the output of generator channels of multichannel systems. Different types of devices are suggested allowing accurate testing of electronic packages in UHF band. Accuracy was taken as a primary function during the course of research. Connection between accuracy, speed (maximum clock frequency at a given number of clock pulses in a cycle) and multichannels was convincingly proven.
I. INTRODUCTION
One of the most important problems that arise during electronics testing is ensuring undistorted transmission of testing signals to a device under test. Accurate registration of amplitude and dynamic errors, which are introduced by transmission channel in UHF band, is necessary. Generator channel of the systems for testing electronic packages is a complex device that is the source (generator) of both periodic and irregular pulse signals. Pulse parameters on channel output should be set with desired accuracy.
The main parameters of pulse generator channels are: pulse duration, pulse amplitude, pulse repetition rate (or time), time shift of the output pulse relative to the sync pulse and time shift of the pulses of the second and subsequent channels relative to the output pulse of the first channel (or synch channel). Error of pulse duration setting, error of time shift setting, error of pulse amplitude setting and distortion parameters are ascertained during testing of pulse generators.
Errors of timing could be divided into two groups [1] : subsystems' errors and errors introduced during system functioning or program running. The first group includes level shift of testing sequence generator, comparator and driver, formatting device delay, testing sequence generator jitter and nonlinearity. The second group includes the skew between driver and comparator outputs ambiguous strobing and skews, caused by the levels of two thresholds (high-and low-level comparators). During the time parameters testing of generator channel via a phasometer it is necessary to take into account all components of composite systematic error of phase meter devices. Systematic errors could be divided into two groups according to their origin: those that are caused by phase shift and those that are not.
Component of basic error, which is not caused by phase shift, is the result of nonidentical phase characteristics of phasometer channels, and it could be determined by using phase natural reference: zero phase shift, which is acquired by feeding one signal to both of phasometer inputs. Component of basic error, which is caused by phase shift is the result of nonlinear characteristics of phasometer converters and spurious couplings between its channels.
Operating structure and algorithm of metrological certification subsystem can be based on two probable methods, that allow measuring in the range of ultra-high clock frequencies and subnanosecond range [2] . Certain testing systems minimize the delays and their instabilities in the channels from the point of skew equalizing and to the socket of contact device during early design stage.
Theoretical corrections can also be made during fine tuning. Metrological service is performed in other testing systems by replacing the device under test with the autocalibration node. But in this case the impedance of the signal channel load is changing. The device itself might have impedance that differs from desired. Absolute calibration error of this method is not less than 1.5 ns [3] .
Metrological characteristics of measuring channels are determined during verification of testing systems. The more frequent the verification is, the more probable that the metrological characteristics are within desired range. This could diminish the systems' effectiveness though. Thus it is necessary to set certain interval between verifications in order to ensure metrological reliability and minimize material losses.
II. PROBLEM DEFINITION
With increasing clock frequencies arises the problem of accounting the effect of influence of channel inconsistency. For this purpose we carried out a research of the transmission characteristics of pulsed signal with a repetition frequency of up to 5 GHz, using a coaxial cable with wave impedance Z C , we determined the pulse shape at the input of the device under test at the practical values of impedance reactivity Z H for electronic products. The impulse signal was represented by the Fourier series. Equations were used for output voltage and long line current for harmonic signals, and the transmission coefficient was acquired:
where γ is the complex propagation coefficient; l is the line length.
We determined the value of K U for each of the harmonics and recovered the signal at the output of the channel. Phase coefficient was taken as β = ω/(3•10
, (where ε is dielectric permeability). The number of harmonics summable was chosen according to the unaccounted signal power. If we sum up 50 harmonics, the unaccounted power is not higher than 0.001 % (signal porosity 2, rise and decay time 40 ps). Therefore, in order to achieve objective and reliable reproducibility of test signals at the input of electronic packages, equipment for metrological verification is necessary.
Industrial specimens of standard measuring instruments allow metrological certification of the generator channel for setting the amplitude at the desired errors of setting the voltage levels. Null-balance voltmeters are suitable for this, but for voltage levels below 20 mV indirect methods should be used. In addition, these devices are designed to measure the RMS value of the voltage of harmonic signals.
Oscillographic methods of measuring the amplitude (calibrated scale method; comparison; compensatory method) have low accuracy (error of more than 10 %) -even for oscilloscopes with built-in PCs (error of amplitude measurement of 3...10 %).
Voltmeters that convert pulse voltage to DC voltage with subsequent measurement of its value allow working in a dynamic range of 1 mV -3 V with an error of 4...10 % and more with a pulse duration of 1...200 μs and porosity of 100...2500. They do not meet requirements of modern testing systems.
Autocompensation voltmeters based on the two-channel measurement method are more suitable. They eliminate the error introduced by the voltage drop in the diode of the circuit of pulse parameters meter. They allow working in a dynamic range (DR) of 0.1...25 V with pulses of 20 ms -50 μs (duration) in the frequency range of up to 10 MHz and with an error of 0.4...5 %. These parameters also do not satisfy the requirements of testing the UHF electronic packages.
Modern strobing pulse voltmeters (e.g. B4-24), that record instantaneous signal and have built-in microPC, are close to solving the problem of verification of generator channel according to amplitude parameters. Stroboscopic sample-andhold device limits band width and measurement accuracy. Stored value of signal transforms into code via a ten-digit ADC and goes to a measuring analog circuit through an optron, which provides resistance to pulse noise. But maximum value of the input signal repetition frequency is 700 MHz. Basic error of a voltmeter in DR of 1 mV -1 V can be determined by:
where U L is the subrange upper limit; U X is measured voltage. In this case the measurement of amplitude of 1 V has the error of 3.8 %.
In order to measure the electrical length of the channel, it is possible to apply measuring circuits based both on the frequency-pulse method and methods for measuring the duration of a time interval that is equal to the difference of electrical length of two channels (time-pulse method).
In the first method, the measuring circuit consists of an active four-terminal element, to the output of which a channel of a certain length is connected with its own delay Δτ D . The signal goes from the output of the channel and is fed to the input of the amplifier, and its output is supplied with a frequency meter, the readings of which are recorded [4] . The signal output frequency of of the amplifier is determined by the formula:
The second method involves the sync channel and the n-th channel. The measurement of pulse width given by the channel output signals when the same signal is applied to their inputs allows detecting the nonidentity of electrical length of the two channels.
The work of the measuring circuit, constructed according to the frequency-pulse method, could be estimated using the example of a generator circuit based on the delay element. The trigger pulse traverses the OR circuit sequentially, and normally -open transmission scheme and delay line. From the output of the delay line (DL), the pulse is again fed to the input of the OR circuit, and the circulation process is repeated. Self-oscillations occur in the circuit, they are repeated until the STOP pulse is fed to the second input of the transmission circuit. The pulse repetition period is given by the formula: T = 2(T DL + 2t D ), where T DL is pulse delay time in the DL; T D is the delay time in the gate.
The principle is simple, but it has several drawbacks. The instability of the DL parameters and the gates is included in the instability of the repetition period: ΔT = ΔT DL + 2Δt D . The minimum value of the period T is determined by the minimum delay T MIN DL in the DL: T MIN = 2t D + T MIN DL . This limits the maximum generation frequency (f MAX = 1/T MIN ).
Based on the aforesaid it is necessary to define methodic and hardware basis for reliable amplitude and time parameters in the generator channels of testing systems.
III. THEORY
Technical support of verification of the test signals amplitude parameters
The error in setting the pulse amplitude is determined by at least three numerical marks of the scale of each subrange, including the biggest (nominal) value of the amplitude and two marks at one's choice.
The State standard recommends certain reference measuring instruments for verification of pulse generators. These are: cathode-ray oscilloscope (e.g., S1-108), an allpurpose voltmeter (e.g., V7-21A) and a high-frequency signal generator (e.g., G4-128). All these tools have finite values of their parameters, though.
For an oscilloscope -passband (0-350 MHz), the amplitude measurement error with for image size on the screen of n centimeters (1 ± 5/n), %. The time intervals measurement error for image size on the screen of n centimeters (0.5 ± 4/n). Therefore, such a device should be selected according to the rise time of the time response (passband).
Most of the reference voltmeters have small frequency range of the alternating voltages measured -approximately 20 Hz -100 kHz. Pulse generators should have a UHF frequency band (up to 3000 MHz) and have an accurate setting of amplitude and time pulse parameters. Therefore other devices should be utilized as reference measuring devices -those that were subjected to metrological certification according to the State standard 8.002-86 and have the error of not more than 1/3 of maximum permissible error of the defined parameter of generator channel signal.
Technical support of verification of the test signals time parameters
Since the generator channels operate in a wide range of frequencies, the non-identical parasitic reactivity of the channel nodes causes an unequal change in the introduced phase shift. The complex transfer coefficient of the node -its phase especially -varies within the frequency range. Data from the output of the TSG is fed to the formatting device (FD), which adds to the total phase shift. The total delay is made up of the delay of the sync pulses for the FD, the FD own delay, and the delay caused by hardware and parasitic capacities.
The data from the output of the formatting device is fed to the output driver adding to the total phase shift. Next, the commutator switches the signal of the desired generator channel according to the program and feeds it to the electronic package under test. If we represent the commutator as an electric key (Fig. 1) , we obtain the equation of transformation of equivalent circuit. The output current of the driver is equal to the sum of currents (Fig. 1) : I 1 = I 2 + I 3 + I 4 , where:
After substitutions we get:
Knowing the driver's open-circuit voltage and the values Z 1 , Z 2 , Z 3 and Z H , we can determine the value U OUT and with the help of commutator estimate the phase shift. Or, knowing capacitive components, we can determine equivalent output capacity C EQ and equivalent time constant of the output circuit τ T EQ . Taking the time of signal construction on the output as 5...6 τ T EQ , we can determine the time of charge of the capacity C EQ . Adding the delay in the channel between the driver and commutator (τ D CH ), we get the total signal delay to the output of the object, which is:
Thus, the delay components in the channel allow us to estimate the summed up value of delay during the influence of test signal on an electronic package.
IV. EXPERIMENTS RESULTS
We assessed the pulse duration meter, designed in accordance with pulse-frequency method. The pulse is generated via output signals of two generator channels. The meter is build and is described in part II.
Taking such a generator as a functional device [4] , we can take the device delay as t D MIN = 250...420 ps. The value T MIN DL of the cable delay line is equal 4...6 ns/m. Maximum frequency of this generator is f MAX ≈ 1 GHz.
Frequency instability, common to the generators without parametric stabilization, is δ f ≈ 10 . At the same time it is known that capacity change in the circuit of feedback, along with the change of channel delay, leads to change in the frequency of generated signal.
If the signal frequency in the generator channel is 1 GHz and minimum pulse time τ P = 300 ps, it is the channels time error should be not more than 0.01τ P -that is not more than 3 ps. At the same time the generator channel delay from the input to output is in range of [100; 500] ns [2] . If the generation frequency is 1 MHz (period 10 6
•10 -12 ps), the threshold sensitivity of 3 ps is 0.0003 %. Or 3 GHz, if the frequency is 1 MHz.
If we utilize standard frequency meters (e.g., CH3-64) for measurement of such frequency change, we can have the error for such change of: , / 0 ST C RES f t where δ 0 is the relative error according to the frequency of inner quartz oscillator, which is 1.5•10 -7 ; Δt RES is resolution (10 -9 s); τ C is the counting time of the device (1 s); δ ST is the starting error (δ ST + 10 -9 /τ C ≈ 10 -8 ).
Such parameters cause the error of frequency drift of: δ f = 1.5•10 -7 + 10 -8 = 1.6•10 -7 or δ f = 16•10 -6 %.
That is, frequency change by 3 Hz is accurately recorded and the instability of channel frequency, relative to which this change is determined, have value of 10 -3 and equals 0.1 % or 1 kHz. If the frequency is 1 MHz, the frequency drift (1 kHz) is unacceptable for testing.
V. DISCUSSION
The assignment of time parameters, performed according to one of the methods, can be taken as assignment of appropriate phase shift Δφ. The connection between the time shift Δt and phase shift Δφ is determined by the expression:
An alternative method for measuring the time shift via the phase method is the use of electronic methods for measuring the time intervals. The operation principle of oscilloscope meters of time intervals is generation of calibration marks from the signal of a reference quartz oscillator in several channels with a time shift between them of tens of nanoseconds. The start of tracing can be smoothly shifted relative to the beginning of measured signal via a phase switcher. Different methods of measuring time intervals are implemented in a number of devices (e.g., in the frequency meter CH3-64).
Devices for measuring time intervals given by pulse signals in the nanosecond range (like I2-7), have small error. Yet they do not meet the requirement of broadband, that is: the output signal rise duration of not less than 0.3 ns; pulse duration of not less than 0.5 ns; the pulse repetition frequency of not more than 1 GHz.
VI. CONCLUSION
Therefore, in order to measure the amplitude parameters it is necessary to use oscilloscopic methods based on stroboscopic oscilloscopes (e.g., S9-11) with built-in computing devices. Requirements: passband of at least 18 GHz, input resistance of 50 Ω and the limit of the allowed value of the basic error of the deviation factor of 1...2 %. After the oscilloscope was certified, it can be used as a reference means for testing the amplitude the output signal parameters of the generator channel with an allowable error of up to 5 %.
In order to use the oscilloscopic method for determining the error of setting the output pulses time shift of the generator channel relative to synchronization pulses, a two-channel oscilloscope is needed. Simultaneous observation of two pulse sequences is performed. Counting is carried out in units of length between the pulse rises at the amplitude level of 0.5.
Oscilloscope should meet the following requirements. Transient characteristic rise time (t TC ) of not more than 0.3 of the rise time (τ R ) of the signals under test. Error of calibrated tracing coefficient δ TR of not more than 1/3 of the allowed error δ τ of the pulse time setting τ P . Therefore, according to the parameters of the generator channel signal (rise time τ R ≥ 0.3 ns; τ P ≥ 0.5 ns; δ τ < 5 %), to verify time characteristics it is necessary to have: t TC ≤ 0.3/3 ≈ 0.1 ns; δ TR ≤ 5/3 ≈ 1.7 %.
The rise time of the transient characteristic and the passband of the oscilloscope Δf OSC are connected by a simple expression.
The band for this case is: Δf OSC ≈ 0.35/t TC ≈ 3.5 GHz. According to the parameters t TC or Δf OSC , and δ TR , the following oscilliscopes could be mentioned. TeK.OSA: Δf OSC = [0; 20] GHz; δ TR = 0.01 %. This is a digital stroboscopic oscilloscope -it is multichannel, has replaceable units and possesses many features. HP 54124T: Δf OSC = [0; 20] GHz; δ TR = 0.1 %. This is a four-channel stroboscopic oscilloscope.
The error in the setting the time shift is determined by at least three numerical marks of the scale of each subrange of broadband generator channel, and at least five marks of the scale with one frequency range (including two end marks). For fixed values of the time shift, the error is determined for each value.
The time shift measurement is performed for two set amplitude values -maximum and minimum values, and the pulse duration should be minimum.
Because of the insufficient accuracy of Russian devices, it is worth mentioning the method of comparing the measured interval duration with the period of the harmonic signal of the standard UHF generator via the screen of a two-channel stroboscilloscope. In this case, the error of setting the frequency of the reference generator should not exceed 0.5...1 %. Such frequency setting accuracy in the HF and UHF bands is provided by phase lock based generators (for example, G4-151).
